5 Observing with SIRTF
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The SIRTF observer's interface to the Observatory, including the instruments, is the set of seven
Astronamicd Observation Templates or AOTs. SIRTF's ience instruments are relatively simple in
the sense of having few modes and even fewer moving parts (only two -- the IRAC shutter and the
MIPS scan mirror). AOTs are acentral design concept in SIRTF's gience operations. The use of
relatively smple parameterized observing modes will enhance the reliability of SIRTF observations
and cdibration, improve the achival value of SIRTF data and reduce @st.

This chapter describes the SIRTF AOTS, introduces the concept of an Astronamicd Observation
Request (AOR), introduces the SSC-provided tods for planning and creding olservations and
describes ome of the padlicies and procedures related to olserving with SIRTF. Specia types of
observations, such as Solar System Objects (SS0s), Targets of Oppatunity and Generic Target
observations are dso dscussed.

The tod which SIRTF observers will use most often is the SIRTF Planning Observations Tod
(SROT), which is described in Section 5.3.

5.1 The Seven SIRTF Astronomical Observation Templates -- AOTs

An AOT is adistinct SIRTF observing mode; there are seven SIRTF AOTSs for the three science
instruments. Four of the AOTs are available & the time SIRTF is launched; these are known as the
first generation AOTs. The remaining threewill become available & the time of the second General
Observer Call for Proposals and are known as semnd generation AOTs. For information on
propaosing to use second generation AOTSs for Legacy Science, please see the SRTF Legacy Science
Call for Propasals(Sedion 3.9.

The observing modes are:

InfraRed Array Camera (IRAC) Mapping/Photometry

The IRAC AOT isused for simultaneous imaging at 3.6, 4.5, 5.8nd 8.0microns,
over thetwo 5.12by 5.12arcminute fields of view.

* InfraRed Spectrograph (IRS) Staring-M ode Spectr oscopy

The IRS staring mode is used for low-resolution long-dlit spedroscopy (R= 62-124)
from 5.3 to 40 microns and hgh-resolution spedroscopy (R=600) from 10 to 37
microns. It also returns images from the IRS pe&k-up array, which has a field-of-view
of approximately 1 arcminute square and two filters covering 135-18.5 microns and
18.526 microns. The IRS Saring mode dso suppats sep-and-stare raster mapping.

* Multiband Imaging Photometer for SIRTF (MIPS) Photometry and Super Resolution
Imaging

The MIPS mhotometry and Super Resolution AOT is used for imaging phaometry
and high resolutionimaging at 24, 70and 160microns.

* MIPS Freeze-Frame Scan Mapping

The MIPS &an Map AOT isused for large field maps at 24, 70and 160microns. The
maps are nstructed using slow telescope scanning, combined with motion
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compensation using a ayogenic scan mirror. Maps are built up d 5.1 arcminute wide
strips between 0.5and 6degreesin length.

* |IRS Spectral Mapping (Second Generation)

The IRS Soectra Mapping AOT will be used to perform dlit scanning spedroscopy
for fields up to afew arcminutesin extent.

« MIPSTotal Power Measurement (Second Generation)

The MIPSTotal Power Mode AOT will provide zero-level-reference observations for
absolute brightnessof extended sources.

* MIPS Spectral Energy Distribution (Second Gener ation)

The MIPS $edra Energy Distribution AOT will be used for very low resolution
(R=15-25) spectroscopy covering 55-96 microns using the MIPS 70 micron Ge:Ga
array.

Eadch AOT and its usage are discussed in detail within the respective Instrument-specific chapter.
Cookbook examples of how to crede observations using the AOTs are dso included in the
Instrument-spedfic chapters 6 through 8.

5.2 Astronomical Observation Request -- AOR

The fundamental unit of SIRTF observing is the Astronamicd Observation Request, or AOR. When
al the relevant parameters for an AOT are spedfied and linked to a description d the target, the
resulting fully specified olservation is cdled an AOR. AORs are normally creaed by using SFOT
(see Sedion 5.3. An AOR can be thought of as list of parameters that, when properly interpreted,
completely describe an olservation. In fact, an AOR is represented in the SIRTF Science Operations
Database (SODB) in an ASCII keyword = value format which is used to generate the list of
commands that are sent to the Observatory to carry out the observation. This ASCIl format is what
SPROT adually creates and stores in its output file. This file of ASCII AORs (the ".aor" file) is what
propasers must submit as part of their SIRTF propasal. The parameters of the AOT are spedfied in
SPOT by filli ng out aform sometimes cdled an "AOT Front End."

The AOR is the fundamental scheduling unit for SIRTF; an AOR canna be subdvided, will not be
interrupted for other activities (such as Downlinks) and will be handled as a unit by the Observatory.
Because of this norrinterruptible nature and the need to perform certain activities periodicdly (e.g.,
detedor anneds, panting system cdibrations and Downlinks) there is a maximum duration for an
AOR. Based oncurrent knowledge, that maximum time is 3 hous for MIPSAORs and 6 haurs for
IRAC and IRS AORs. Longer observations can be spedfied using relational constraints to identify
the AORs as members of arelated group (seeSection 5.5.3.
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An AOR contains three cdegories of information:

e Astronomical Target

The "target” of an AOR can be asingle painting or a duster of pointings within a
1°radius, at which the specified olservation is repeded identicaly. The single
pointing or cluster may be either of an inertial target or amoving target.

* Timing and Relational Constraints

These represent scheduling diredives for an AOR or for a related group d AORs.
The detail s of the kind d constraints that are supported are in Sedion 5.5.3.Timing
constraints are used to spedfy when an AOR can be eeauted (e.g., to olserve a
comet at maximum solar elongation). Relational constraints are used to spedfy how
AORs within agroup are related to one another (e.g., a series of AORs that define a
very degy map and must be exeauted conseautively).

* AOT-specific parameters

As the name implies, these vary from AOT to AOT. They include instrument
configuration, exposure time and dedicated mapping parameters.

5.3 Science User Tools

Science User Tods are software packages and aher materials (such as tables and graphs) that are
provided by SSC to help the astronamicd community plan, prepare, submit, monitor and interpret the
results of their SIRTF observations.

5.3.1 SIRTF Planning Observations Tool -- SPOT

The SIRTF Planning Observations Tod (SPOT) is a JAVA -based software tod intended to asgst
patential and approved SIRTF observers in planning and modifying their observations. SPOT, along
with the SPOT User's Guide, can be downloaded from the Proposal Kit sedion d the SIRTF Science
Center Web pages (http://sirtf.cdtech.edw). The re of the package is a GUI-driven olservation
planning program that alows users to specify targets, exposure times, instrument modes, and
observing constraints. It provides total spacecraft time (including Observatory overheads) for the
requested olservations along with target visibility information, focd plane paosition angle for a
seleded olservation cate, and estimates of the zodiacal and cosmic infrared badgroundat the target.
When propasing SIRTF observations, SPOT creates a text file (".aor" file) with details of the
observations, which is submitted as part of the propaosal. In the future, SFOT may use aclient-server
system to communicate with the SIRTF Science Operations Database (SODB) to suppat "ched-out"
of adive SIRTF programs for approved modificaions (see Sedion 5.4.

SROT is currently suppated onWindows (95, 98,NT), Linux, and Sun Solaris (2.6, 2.7 platforms.
For more details e the SPOT User’s Guide and Release Notes, available & the Web site with the
software. A network connedion to the SIRTF Science Center is required to oltain observing time
estimates, visibili ty, orientation, a badkgroundestimate information.
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SROT does nat currently have integrated visuali zation capabiliti es for displaying images of the sky
overlaid with the SIRTF focd plane or coverage maps for a spedfied olservation. The stand-alone
tod IRSky is now avail able for visuali zation.

5.3.2 IRSky

IRSKy is an X-Windows based padkage available through telnet access to irsky.ipac.caltech.edu,
userid: irsky, no pmsswvord (or the observer can acaessit from the IPAC homepage or through the
Proposal Kit Web pages). With IRSky the observer can owerlay the SIRTF focd plane on IRAS Ky
Survey Atlas (ISSA) 12, 25, 60,and 100micron maps of the sky to help visualize spedfic SIRTF
observations. It does not provide overlays of coverage maps for SIRTF. IRSky will all ow the observer
to inpu a position angle, which can be obtained for a particular target and date in SPOT, to indicae
how the SIRTF focal plane will appea onthe sky for specific observations. An X-Windows emulator
isrequired to use IRSky from a PC.

Note that IRSKy estimates the badkground emisson wsing a different model than is used by SFOT.
The IRSky badkground estimator uses a zodiacd background model and an interstellar cirrus
badkgroundestimator derived from IRAS data. The model incorporated into SPOT is based on bdh
IRAS and COBE data, can take into accourt the time of observation in cdculating the zodiacd light
badkground comporent, and wses improved wavelength-interpolation schemes. However, near the
Galadic plane or other very bright extended emisson, the IRSky estimator is expeded to give better
results than the badkgroundmodel in SFOT.

The SIRTF background estimator used in SPOT is documented in a memo, which is avail able from
the SSC WWW Site.

5.4 Modification of Observing Programs

Due to the simplicity of the constraints imposed uponSIRTF observations, the SIRTF Science Center
envisions that it will be ale to exeaute most observations exadly as they are spedfied in resporse to
the Call for Propcsals. Therefore, SIRTF will exped General Observers to provide sufficient
information at the time of proposal submisgon to implement the observations (i.e. completed AORS).
The process is omewhat different for Legacy Science Propcsers, who neel orly submit a
representative sample of completed AORs (seeSedion 6.1.3 6 CP).

Observers will be given the option d modifying their approved AORs prior to making them avail able
for scheduling (see SRTF Observing Policy #4 for detail ). In addition,in case of conflicts or specia
needs, it will be posgble for observers to request a passwvord-access to modify their (not yet
scheduled) AORs via the SIRTF HelpDesk. The request must be accompanied by a strong
justification for the proposed changes and canna be made during any bladkout period (see the SIRTF
WWW pages for a schedule of blackout periods). However an olserver can a any time request
(again with strong justificaion) that a scheduling "had" be placed on olservations which are not
feasible. Only certain types of modifications are permitted, and the observer is resporsible for
knowing the padlicies prior to requesting chedout of hisor her observing program.
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Upon completion d approved modificaions, the observer will need to resubmit the revised program
and SSC will review the changes and re-check for dugications prior to re-releasing the AORs for
scheduling. Once aprogram has been resubmitted, the accessfor modifications will be disabled and
any further modificaionwill require anew request for accesswith suppating justification.

5.5 Scheduling Considerations

The technical isuues of telecmmunications and Observatory performance that drive science
instrument campaign planning and the basic scheduling time-scales are addressed in Chapter 3. In this
sedion, the planned scheduling processis addressed from the observer's point of view.

The use of scheduling constraints is also discussed. Scheduling constraints restrict the aility of the
planning and scheduling system to create efficient schedules and to ensure the feasibility of
scheduling all AORs. Therefore a scientific justificaion is required for the use of scheduling
constraints.

5.5.1 Scheduling Methodology

The SIRTF scheduling process will construct short-term observing schedules of one-week lengths.
Scheduling is dorne one week at a time regardless of the Instrument Campaign schedule, and a one-
week schedule will generally contain observations using more than ore science instrument. The one-
week schedule loads will be uplinked weekly, following fina internal review and approval. After a
schedule has been udinked, it will not normally be dtered except in unwsua circumstances (e.g.,
adivation d Target of Oppatunity programs). Due to the fad that SIRTF is in contad with the
groundfor only a brief period every 12-24 hous, it is not pradical to make canges to the on-board
schedule on very short time-scdes; the fastest a ToO can be accommodated iswithin 48 hous.

Observations will be grouped into Instrument Campaigns, which are periods of several days during
which orly one instrument is used. Instrument Campaigns will vary in length as needed to
acommodate the science program, bu it is expeded that typicdly they will | ast 3to 10 dys.

Policies regarding interruption d Instrument Campaigns and schedule dhanges on short natice ae
discused in more detal in the SRTF Observing Policies. Observers doud also consult the
Observing Policies and the SIRTF Web Site for information on popasing programs seking frequent
instrument changeovers as sheduling such programs is difficult and reduces Observatory efficiency.
Observers considering such programs ioud aso be avare of hardware-related performance issues
pertaining to instrument changeovers (see Chapter 3).

The planning and scheduling process includes determining the optimum structure of Instrument
Campaigns. This type of campaign panning will occur shortly after a new set of observations
bemmes avail able during each propasal Cycle. This Baseline Instrument Campaign will be pubdished
onthe WWW onceit is considered stable, bu it is subjed to change withou natice due to the need to
respondto adual events on-orbit.
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5.5.2 Notification that an AOR has been Scheduled

Just before aschedule has been udinked to the spacecraft, the list of scheduled AORs and their
nominal exeaution times will be pulished onthe SIRTF WWW site. Unlessan absolute scheduling
time has been specified at the time of scheduling (as is always the case for moving targets), the actua
exeaution time of an AOR may differ from the scheduled time by a small amournt (passbly up to
several minutes). This is due to the nondeterministic nature of the on-board indicaors for slew
completion and settle time.

The gpearance of a particular AOR in the pulished schedule will be the only natificaion to
observers that the AOR has been dfficially scheduled. Thus observers will normally recave at most
a ore-week advance natice that their AOR has been scheduled at a spedfic time. Once an AOR has
been scheduled orly a significant anomaly or a rapid-turnaround ToO could cause the schedule to
change.

In the cae of AORs that are highly time-constrained for science reasons, if a specific sequence or
dates have been provided to the Observatory in advance, the Planning & Scheduling Team will make
every effort to schedule those AORs accordingly. This information shoud be provided at the time of
proposal submisson,if possble, and always requires a scientific justificaion. A SIRTF observer may
asume that any spedfic dates and times requested in an approved proposal will be acommodated,
unless otherwise natified by the SSC. In the event of a serious conflict, the SSC will contad the
affected olserver(s) as on as posshle to resolve the problem. However, even for heavily
constrained AORs, the only formal annowncement of their placein the SIRTF schedule will be their
appeaance in the latest online weekly schedule.

5.5.3 Requesting Scheduling Constraints for Science Reasons

The scheduling software will be ale to hande cmmmon types of constraints and logicd linkages,
such as those needed for periodic monitoring of a target. However, because scheduling constraints
restrict the aili ty of the scheduling system to produce efficient schedules and may render scheduling
some observations infeasible, the usage of any type of timing or relational constraint requires a
scientific justification. The justification must be provided at the time of propcsal submisson (or
modificaionif the anstraint has been subsequently added).

5.5.3.1 RECOMMENDATIONS FOR THE USE OF SCHEDULING CONSTRAINTS

If a scheduling constraint is required, it is strongly recommended that the minimum constraint
necessary to preserve the scientific goal of the observation(s) be gplied. In general, larger time
windows are preferred and loose groupngs are preferred to noninterruptible sequences of
observations. For very long observations, strategies which permit independent scheduling of the
comporent AORs are much preferred; this not only enhances sheduling efficiency, bu also makes
the observation as a whole much more robust against the failure of comporent AORs. As a genera
rule of thumb, goups of constrained AORs that occupy more than abou 75% of the time period
during which they can be scheduled will have astrong negative impact on efficiency and may not be
feasible to schedule. For example, 40 houis of observations that must be dore within a 40-hour
period canna be scheduled, whereas the same 40 hous of AORs may be quite feasible if they can be
scheduled anytime within the same one-week period.
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When designing scheduling constraints, the observer must take into account the natural 12 to 24-hour
time scde for Periods of Autonamous Operation (PAOsS) and that Instrument campaigns will normally
be 3 to 10 dwys. In addition, instrument and PCS cdibration and instrument and spacecraft
maintenance adtivities can take 10% or more of the available time during a given PAO. Based upon
current plans, abou 9.5 hous out of each 12 how PAO will be available for IRAC or IRS
observations and abou 11 ou of atypicd 12 hou PAO for MIPS Some PAOSs, e.g. a the beginning
and end d a canpaign, may contain a higher fradion d calibration and maintenance adtivities. Note
that during the ealy part of the misson, shorter PAOs and shorter campaigns will li kely be the rule.

5.5.3.2 SPECIFICATION OF SCHEDULING CONSTRAINTS

Scheduling constraints are specified at the time the AORs are completed, using the @nstraint-editing
cgpabiliti es of SROT. Please seethe SPOT User's Guide for detail son hav to spedfy constraints.

The foll owing types of scheduling constraints are supported for bath inertial and moving targets:

* Timing Constraints

Timing constraints consist of defining a window or series of windows for the start
time of an AOR. If the open and close time of the window are spedfied to be
identicd, then the AOR will be scheduled as an absolute time observation at that time,
andwill be exeauted at that time or no more than 2 seconds | ater.

+ Rdational Constraints

Relational constraints are ordering or grouping constraints that are gplied to a group
of AORs. There aefour basic types of relational constraint suppated by SIRTF.

¢ Ordered Non-interruptible Group = Chain

A chain can be thought of as a list of AORs that must be eeated
conseautively in the order specified and withou any kind d adivity
intervening. Note that the total time for the eitire ordered nan-interruptible
group can nad excea the maximum time for an individual AOR; for longer
observing sequences, an interruptible group must be used. This type of
constraint might be used for an on'off pair of observations.

¢ Ordered Interruptible Group = Sequence

A sequence can be thought of as a list of AORs that must be exeauted
conseautively in the order specified, bu spedfic types of activities such as
necessary cdibrations, Downlinks, etc. may intervene. This type of constraint
might be used for a deep mapping sequence where the order of coverage is
considered important.

¢ Group-within

A group-within is smilar to an ardered interruptible group bu the list might be
exeauted in any order during atime period of spedfied length.

48



¢ Follow-on

This type of constraint can be thought of as a statement that Follow-On-AOR
must be scheduled within Time-Window following Preaursor-AOR. The
follow-on constraint is used to prevent early exeaution d an olservation when
the success or content of the follow-on is dependent upon the successul
exeaution d a precursor observation. An example would be alengthy IRS
observation where the suitabili ty of the pe&k-up target canna be verified at the
time of planning. In that case atest pe&k-up AOR would be made & a precursor
to the deep spedrum. One AOR may serve & the precursor to more than ore
follow-on, bu afollow-on may have only one preaursor.

* Timing and Relational Constraints can be combined

For example, a series of AORs used to take spectra of a wmet over along track which
needed to be broken up into segments due to curvature, might be @nstrained as a
chain with an associated timing constraint related to the aceptable range of solar
elongations.

5.6 Solar System Objects

SIRTF will suppat observations of Solar System Objeds (SS0s), tracking in linea segments at rates
up to 1'/s as described in Chapter 3. All instruments and al observing modes can be used while
tradking. For IRS, pe&-ups are aurrently restricted to be performed orly on the spectrometry target or
apoint sourcethat is co-moving with it.

5.6.1 Tracking Performance

SIRTF's SSO tracking cagpability is smilar to its sanning capabili ty and the performanceis described
in Sedion 3.4.4.

One mnsequence for the SO observer is that observations of sources that have significant curvature
during the time of an AOR when projeded orto an equatorial map may need to be broken upinto a
series of short AORs. The spaceaaft does nat carry any target ephemerides on baard, so the track is
defined at the time of scheduling and formulated as a vedor rate in an equatorial frame. A start time
and equatorial J2000 start point and time ae dso provided for use by the Pointing Control System
(PCS). Once the track command hes been isaled, the onbaard system will maintain knowledge of
where the Observatory shoud be & what time, and will "catch up" with the specified track and
maintain it.

5.6.2 Ephemeris Management

SIRTF uses a database of ephemerides for known Solar System Objeds derived from the Horizons
database maintained by the Solar System Dynamics group at the Jet Propusion Laboratory. For
propacsal planning purposes, SSC will provide a core subset of ephemerides from the Horizon's
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database. These eghemerides are aurrently used to cdculate visibility windows for Solar System
objeds through the SPOT. The core subset, listed in the Proposal Kit Web pages, will i nclude the
major planets and their satellites, the periodic comets, Kuiper Belt Objeds, and a subset of the
asteroid popudation. In arder to propose for an oljed that is not in our SSC subset, the observer will
need to contact SSC viathe SIRTF Helpdesk (sirtf @ipac.cated.edu). If the obed isaknown olject
with aNAIF ID, SSC will i ncorporate the object into the @re database within 3working days. If the
objed is newly discovered and dces not yet have aNAIF ID, the observer will be &le to spedfy the
orbital elements and an ephemeriswill be generated for planning purposes.

The oore set of ephemerides will be updated prior to each Call for Proposals. In addition, whenever
an SO is sheduled (2-3 weeks prior to exeaution) its ephemeris will be updated as needed.

Note that observations which require gohemeris updates <2 weeks prior to exeaution significantly
perturb the scheduling processand must be identified at the time of proposal. Late gphemeris updates
are onsidered equivaent to medium or high-impad ToOs, depending uponthe anourt of lead-time
given (See SRTF Observing Policy #5).

5.6.3 Target Specification and Scheduling Considerations

SO observations will normally be performed as tracked olservations with bah the position and the
trad rate/diredion computed from the orbital elements derived as discussed in the previous dion.
At some point in the future, it will aso be possble to turn df tradking and have only the position
computed, bu this feaure is nat currently available. "Shadow" badkground olservations, in which
the trad is either replayed or pre-played when the target is nat there, will also be spedfiable.

SO observations can be scheduled with timing constraints that are & flexible a the science goal of
the observation allows. Observers are encouraged to use fairly generous windows to alow the
scheduling system to shift observations aroundand minimize gaps. When predse timing is required,
an absolute time can be spedfied and the flight computer will perform the observation at that time or
no more than 2 sends later.

The scheduling constraints that are suppated for both inertial targets and SSOs are described in
sedion5.5.3 The use of any scheduling constraint requires a scientific justification.

5.6.4 Science Instrument Issues

There ae no restrictions on the usage of any of the AOTSs for tracked SSO observations with the
exception that, for IRS, peak-up onan inertial target for spectra of a moving target is nat currently
suppated, as previously described.

The saturation kehavior of the science instruments is discussed in its instrument-spedfic chapter, and
the scattered light characteristics of the telescope ae discussd in Chapter 4.

Please note that since SSOs tend to be near the ediptic plane, the focd plane orientation with which
they can be observed is highly restricted (see Sedion 3.2.5.
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5.7 Targets of Opportunity

Targets of Opportunity (ToOs) are a speda type of observation, wualy of unexpeded or
unpredictable transient phenomena. They include objeds that can be genericdly identified before the
onset of such phenomena (e.g., reaurrent novag and variable stars) and oheds that canna a priori be
spedficdly identified (e.g., newly discovered comets, novae, supernovae and gamma-ray bursts).
Requests for observations of the former shoud be submitted through the normal propacsal processand
those pertaining to the latter can be requested through Director’s Discretionary Time.

By its very nature, a ToO warrants urgent consideration and attention, and unque procedures to
hande such olservations must therefore be acommodated within all categories of SIRTF observing
programs. At the time of propcsa submisgon, investigators are required to classfy eath ToO
request, as high, medium or low impad based on the degree that the exeaution o such olbservation
affects normal SIRTF scheduling and olserving procedures. High impad ToOs are those which
require observations within 1 week of adivation, medium impad ToOs are thase which alow for 1 to
3 weeks of lead time, and low impad ToOs are thase which allow 3 or more weeks of lead time. High
and medium impad ToOs incur an additional overhead for each AOR. Seethe Call for Proposals and
S RTF Observing Policy #5 for more information.

The exrliest that SIRTF can cary out ToO observations is 48 hous after an approved proposal is
adivated. The observer must fill out a template AOR that has as much detail as possble when
submitting a ToO propasal. When the proposed phenomenon occurs, the observer must adivate the
proposal as described below.

Note that high-impact ToOs (those that require < 1-week turnaround put extreme stress on the
scheduling system and canna be accommodated frequently. The SSC Diredor must issue fina
approval for any high-impad ToO observations requiring an interruption d the onbcard observing
schedule.

5.7.1 Activation of a ToO Proposal

For an approved ToO, the observer must electronicdly submit a request for AOR adivation to the
SSC Diredor via the SSC HelpDesk (sirtf@ipac.caltech.edu). Following the request for adivation,
the SSC will ascertain the feasibility of conducting the ToO observations, taking into accournt sky
visihbility and the schedule of SIRTF instrument campaigns (typically, 3-10 days in extent). The
observer will aso submit a revised AOR, with predse @ordinates and integration time. If the
observations canna be conduwcted onthe schedule requested by the investigator, the SSC Diredor will
consult with the PI on the scientific utili ty of later observations.

5.8 Generic Targets

For information ongeneric targets see Observing Policy #6.
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5.9 Second-Look Observations

For information onseamndlook olservations eObserving Policy #7.
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